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Samples of the muscle of two species of tilapia (Oreochromis mossambicus
and O. niloticus; 17–20 cm length) were obtained from at least one reservoir
in each of the six river basins (Aruvi Aru, Kala Oya, Kirindi Oya, Ma Oya,
Mahaweli, and Walawe Ganga catchments) in Sri Lanka. The metals Ca,
Cu, Fe, K, Mg, Mn, Na, and Zn were consistently detected in the muscle
tissue. Overall, there were few differences in the concentration of metals
between the two species of fish, although there were also some statistically
significant differences (p50.05) in the concentrations of some metals in fish
obtained from some of the reservoirs. Aruvi Aru stands out as a river basin
in which the two fish species have significantly lower concentration of
metals when compared to other river basins. The concentration of the
metals studied were below WHO and FSANZ guideline values for fish,
suggesting that the consumption of the metals found in tilapia from these
reservoirs poses little risk to human health.
Keywords: Sri Lanka; reservoir fisheries; tilapia; metals; catchment land use
Introduction
Sri Lanka has one of the highest densities of reservoirs in the world (De Silva 1988;
McCully 1996). Located almost exclusively in the dry zone of the island (annual
precipitation51870mm), the reservoirs are very diverse in age, size, nature of the
dam, and catchment characteristics. However, one feature most common to the
perennial reservoirs of Sri Lanka is their fishery resources. A common feature of this
fishery is the dominance in the landings of two exotic cichlid species, namely the
Mozambique tilapia (Oreochromis mossambicus (Peters) introduced in 1952; De Silva
1996, 1988, 1985; Fernando and Indrasena 1969), and the Nile tilapia (O. niloticus,
introduced in the early 1970s).
*Corresponding author. Email: graema.allinson@dpi.vic.gov.au
ISSN 0277–2248 print/ISSN 1029–0486 online
 2010 Taylor & Francis
DOI: 10.1080/02772240903049710
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There is a paucity of studies on metals and metalloids in freshwater fish in
Sri Lanka, despite reservoir fish being the main source of animal protein for rural
people living in the dry zone of the country (Amarasinghe and De Silva 1999;
Chandrasiri 1986). Of the limited number of studies evaluating metal concentrations
in Sri Lanka reservoirs, Duncan, Gunatilaka, and Schiemer (1993) evaluated the
concentrations of Cu, Zn, Pb, and Cd in the sediment of an ancient reservoir
(Parakrama Samudra), but did not correlate sediment concentrations with those in
local fish. Allinson et al. (2002), determined the concentration of a range of metals in
samples of tilapia (O. mossambicus) obtained from five reservoirs (Badagiriya,
Chandrikawewa, Kiribbanara, Meegahajandura, and Ridiyagama in two catchments
(Malala Oya and Walawe Ganga)) in southern Sri Lanka in 1998. The metals As, Ca,
Co, Cu, Fe, Hg, K, Mg, Mn, Na, Sr, and Zn were consistently detected in the muscle
and liver tissue, although at concentrations considered unlikely to pose a human
health risk. Allinson et al. (2002) did, however, suggest that the populations of tilapia
in the reservoirs investigated in their 1998 basket survey may be exposed to different
regimes of metals, possibly associated with different catchment land-use patterns.
In a more recent study, Allinson et al. (2009) consistently detected the concentrations
of 12 metals (Ca, Cd, Cu, Fe, Hg, K, Mg, Mn, Na, P, Sr, and Zn) in the muscle and
liver of the Nile tilapia (O. niloticus) collected in 2002 from Kaudulla, Rajanganaya,
and Udawalawe reservoirs in the Mahaweli, Kala Oya, and Walawe Ganga river
basins, respectively. However, a three-factorial principal components analysis
suggested that there were no differences in the metal profiles (range of metals and
concentration) of the fish obtained from any of the three reservoirs in that
unreplicated basket survey, and that substantial quantities of tilapia from those three
reservoirs would need to be consumed each week on a regular basis to exceed dietary
intake limits (e.g., more than 1.5 kg to exceed intake list for Cu). Most recently,
Bandara et al. (2008) reported that O. niloticus collected from commercial landings
from Karapikkada and Thuruwila reservoirs near Anuradhapura contained 0.06
and 0.20mg kg1 Cd, respectively, with maximum value of 0.42mg kg1 Cd
observed at Thuruwila reservoir.
In the present study, we revisited the potential risk to human health in Sri Lanka
through the consumption of reservoir fish through a replicated basket survey of two
species of tilapia (O. mossambicus and O. niloticus) obtained from several reservoirs
in each of the six river basins (Aruvi Aru (or Malwathu Oya), Kala Oya, Kirindi
Oya, Ma Oya, Mahaweli, and Walawe Ganga catchments), in which the concen-
tration of 17 metals (including As, Cd, Co, Cr, Cu, Fe, Hg, Mn, Ni, Pb, and Zn) were
determined by ICP-AES. The concentrations measured are compared to the relevant
maximum values permitted by the Australian Food Standards Code and the human
health implications for heavy consumers of this food discussed.
Material and methods
Samples of tilapia (O. mossambicus and O. niloticus; 17–20 cm length) were obtained
from one or more reservoirs in each of the six river basins in southern Sri Lanka in
2004 (Nuwarawewa reservoir in the Aruiv Aru (or Malwathu Oya) catchment;
Kalawewa and Rajanganaya reservoirs in the Kala Oya; Lunugamwehera in the
Kirindi Oya; Padaviya in the Ma Oya; Kaudulla, Minneriya, and Parakrama
Samudra in the Mahaweli; and Kiriibbanara, Ridiyagama and Udawalawe reservoirs
750 G. Allinson et al.
D
o
w
n
lo
ad
ed
 B
y:
 [
De
ak
in
 U
ni
ve
rs
it
y]
 A
t:
 0
4:
35
 2
0 
Ma
y 
20
10
in the Walawe Ganga catchment, respectively; Figure 1). These reservoirs were
selected for the ease of access and also to cover a wide range of size, age, and
catchment features. Samples were collected throughout 2004, on an ad hoc basis,
depending on the availability of fish from commercial landings. In all instances, fish
samples were obtained from commercial landings and brought to the laboratory in
ice. No animals were harmed (killed) specifically for the purpose of scientific
investigation, which was conducted in accordance with national and institutional
guidelines for the protection of human subjects and animal welfare. Sufficient
samples were obtained from Udawalawe samples to allow the fish to be divided into
four length categories (17–20, 20–22, 22–23 and 23þ cm, respectively). In the
laboratory, the total length and body weight were determined. Thereafter, the fish
were gutted, and the liver was removed and weighed. Individual fish were filleted,
and from the middle of the right fillet a block of muscle, devoid of skin and bone,
was taken. Muscle and liver samples were oven dried at 80C to a constant weight,
and stored in air-tight vials until further analysis. The dried samples were then
ground to a powder using a pestle and mortar.
Samples were digested at Deakin University Warrnambool using a temperature
controlled digestion block (AIM500, AI Scientific, Brisbane, Australia). Fish
samples and quality control samples (blanks and certified reference material
(CRM) (National Research Council Canada DORM 2 Dogfish Muscle) and
spiked CRM) were digested in three batches of 50 samples. The quality control
samples were distributed haphazardly throughout the batches. The fish samples and
quality control samples were digested using a method closely based on USEPA
Method 200.3 (EPA 1996). In short, approximately 200mg of dried fish sample was
accurately weighed into a digestion tube. In all cases, nitric acid (AristaR grade;
C
Nw
Wet zone 
Dry
zone
Pd
Ra
Kw
Ka
Mi
Aruvi 
Oya
Kala
Oya Mahaweli 
Ma Oya 
Ganga
Uw Ki
Ri
Lu
Kirindi
OyaWalawe Ganga
Intermediate zone 
Figure 1. Map of Sri Lanka showing the locations of the capital Colombo (C) and the
reservoirs of this study: Lu, Lunugamwehera; Ka, Kaudulla; Ki, Kiriibbanara; Kw,
Kalawewa; Mi, Minneriya; Nw, Nuwarawewa; Pd, Padaviya; Ps, Parakrama Samudra; Ra,
Rajanganaya; Ri, Ridiyagama; Uw, Udawalawe.
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BDH Chemicals (Merck Pty Limited, Kilsyth, Australia; 2.5mL)) was added to each
tube, which was then capped with a tear-drop stopper, and allowed to stand
overnight at room temperature. Thereafter, a small number of antibumping granules
were added to each tube. The temperature of the digestion block was increased to
40C for 30min, and then allowed to cool to room temperature. An additional
aliquot of nitric acid (2.25mL) was added to each tube, the temperature was
increased to 90–95C for 3 h, and then allowed to decrease to room temperature.
Thereafter, hydrogen peroxide (30% w/v AnalaR grade; BDH Chemicals (Merck Pty
Limited, Kilsyth, Australia; 1mL)) was added to each tube, and the solutions were
heated to boiling for 30min with the stoppers off. After cooling, the solutions were
transferred to 25mL volumetric flasks and made up to the mark with deionized
water. The digests were then filtered through 0.45 mm cellulose acetate disposable
syringe filters into centrifuge tubes.
Digests were analyzed using two inductively coupled plasma atomic emission
spectrophotometers. Ca, Cd, Cu, Fe, K, Mg, Mn, Na, Ni, Sr, and Zn concentrations
were measured using an IRIS ICP-61E (Thermo Jarrell Ash, Japan), and their
analytical wavelengths were monitored: Ca, 393.366; Cd, 228.802; Cu, 324.754; Fe,
238.204; K, 796.896; Mg, 279.553; Mn, 257.61; Na, 588.995; Ni, 231.604; Sr, 407.771;
and Zn, 213.856 nm, respectively. Al, As, Hg, P, Pb, and Sn concentrations were
determined using a Spectroflame-EOP (Spectro Analytical Instruments, USA), and
their analytical wavelengths were monitored: Al, 396.152; As, 189.04; Hg, 184.95; P,
178.29; Pb, 168.22; and Sn, 189.98 nm, respectively. Instrument limits of determi-
nation (LOD) were: Sr, 0.004; Cd, Mg, Mn, 0.005; Cu, Ni, P, 0.01; Ca, Hg, Sn, Zn,
0.02; As, Fe, 0.03; Pb, 0.06; Al, 0.2; and K, Na, 1mgL1, respectively. The method
detection limits (MDL) were based on instrumental LOD, which in turn are based on
mean10 standard deviations for the digested blanks (American Public Health
Association 1995), and were 125 times higher than LOD values.
All statistical analysis were conducted using Microsoft Excel, SPSS version 14.0
for windows (SPSS Inc, Chicago) or XLStatistcs 2008. For assessment of differences
between independent groups, where the assumptions associated with the application
of parametric statistical methodologies were met, overall differences were identified
using a one way analysis of variance (ANOVA), with subsequent post hoc analysis
conducted using t-tests. Where assumptions were not met, the nonparametric
analogue to the ANOVA, the Kruskal–Wallis rank test was used, with subsequent
post hoc analysis conducted using the Mann–Whitney test. In some instances, e.g.,
the smaller sample sizes (n55), data transformation using the natural log was
successful, yet according to Levenes test, the homogeneity of variance assumption
was violated. Due to this uncertainty in similarity between population variance
equivalence and some small sample sizes, the Games Howell test was used for
subsequent post hoc multiple comparisons. Regression and correlation were used to
assess for concentration changes with changes in fish length. Factor analysis was also
used as a data reduction technique to identify if there were any subsets of the
dependent variables. Principal component was the extraction method used.
Results
To check analytical accuracy and precision, the analysis of a CRM (DORM-2) was
undertaken in parallel with samples. The concentrations of 16 elements were certified
752 G. Allinson et al.
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by the NRCC in DORM-2, namely Ag, Al, As, Cd, Co, Cr, Cu, Fe, Hg, Mn, Ni, Pb,
Se, Sn, Th, and Zn. However, of these, Ag, Pb, and Th were not measured. P and Sr
were not certified and therefore these elements were removed from data analysis and
in subsequent discussion Cd, Co, Hg, and Se concentrations in CRM digests were
below instrumental LOD in all samples, and therefore these elements were also
removed from data analysis and subsequent discussion. The major ions (Ca, K, Mg,
Na) were also not certified by the NRCC for DORM-2, but in our hands, use of the
USEPA Method 200.3 (EPA 1996) digestion method with other CRMs has shown
that recoveries of these metals are typically in the range 80–100% (e.g., see Allinson
et al. 2002; Calvi et al. 2006), and so this data has been included in data analysis and
discussion (although with the caveat that the data reported in this study for Ca, K,
Mg, and Na should be considered at best semi-quantitative). Analysis of the certified
reference materials found only As, Cu, and Zn to be within 25% of their expected
values (91%, 104%, and 75–78% recovery, respectively; Table 1). Aluminum
recoveries were deemed unacceptable, and this element was also removed from data
analysis and subsequent discussion. Of the remaining certified metals, Cr, Fe, Mn,
and Ni recoveries were below 70% (58%, 69%, 65%, 56%), but since the variation in
the recovery data was very good (CV typically55%), the data was accepted for
statistical analysis. In discussing elemental concentrations, values quoted are on a
wet weight basis, and have not been corrected for analyte recoveries from certified
reference materials. Values quoted, therefore, represent a conservative evaluation of
metal concentrations.
The concentrations of eight metals (Ca, Cu, Fe, K, Mg, Mn, Na, and Zn) were
consistently detected in the tilapia muscle in this multi-reservoir basket survey
(Table 2), and in the size-class study of O. mossambicus and O. niloticus in
Udawalawe reservoir (Table 3). Overall, there were few differences in the
concentration of metals between the two species of tilapia, although O. mossambicus
had significantly higher concentrations of Ca and Mn than O. niloticus, whereas
Table 1. Summary of certified metal concentrations and concentrations
determined in this study.
NRCC CRM DORM-2, Dogfish muscle (mg kg1dry weight)
Element Certified valuea Observed valueb
As 18 1.1 16.4 2.1
Cd 0.043 0.008 n.d.
Co 0.182 0.031 n.d.
Cr 34.7 5.5 19.9 3.4
Cu 2.34 0.16 2.4 0.4
Fe 142 10 98 11
Hg 4.64 0.26 n.d.
Mn 3.66 10.34 2.36 0.35
Ni 19.4 3.1 10.8 1.7
Zn 25.6 2.3 19.9 1.2
Notes: n.d., not detected.
aUncertainties represent 95% tolerance limits for an individual sub-sample
of4250mg.
bn¼ 5.
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O. niloticus had significantly higher concentrations of Cu and Zn (p50.05). More
specifically, there were also some statistically significant differences (p50.05) in the
concentrations of some metals in tilapia obtained from some of the reservoirs, e.g.,
tilapia in lakes Kiriibanara, Minnariya, and Udawalawe have significantly higher Ca
than those in the other lakes, and tilapia from Lake Lunugamvehera stands out with
the highest concentrations of K, Mg, and P. Tilapia in some river basins had
significantly higher concentration of metals than others, although for the most part
differences were confined to the major ions, e.g., tilapia from Kirindi Oya basin had
higher K concentrations in their muscle tissue than those from Kala Oya, Ma Oya,
Walawe Ganga, and Aruvi Aru (p50.005, 0.001, 0.01, and 0.005, respectively).
Similarly, Mahaweli basin tilapia had higher K and Ca than those from Aruvi Aru
(p50.05, and 0.001, respectively), and higher Ca than samples from Kala Oya and
Ma Oya basins (p50.001, and 0.001, respectively); Kirindi Oya tilapia had higher
Mg and Na than Aruvi Aru specimens (p50.01, and 0.05, respectively); Ma Oya
tilapia had higher Na than Aruvi Aru samples (p50.05); and Walawe Ganga basin
tilapia had higher Ca than Aruvi Aru, Kala Oya, and Ma Oya samples (p50.001,
0.005, and 0.001, respectively). Of the other metals, the only differences were seen in
Walawe Ganga basin tilapia, which had higher Cu concentrations than those from
Kala Oya and Ma Oya (p50.01, and 0.001, respectively).
Sufficient replicated samples at each of the five-size classes were available from
Udawlawe reservoir to assess whether there were any correlations between the length
of the tilapia and the metal concentrations in their muscle tissue. However, no
statistically significant correlations (p40.05) were observed.
Discussion
The predominant pathways for metal uptake in fish, target organs, and organism
sensitivity are highly variable, and are dependent on factors such as metal
concentration, age, size, physiological status, habitat preferences, feeding behavior,
and growth rates of fish (Chapman et al. 1996). Overall, the tilapia (both O. niloticus
and O. mossambicus) investigated in this study were relatively uncontaminated by
trace metals, an observation consistent with metal concentrations reported in tilapia
in other tropical and sub-tropical countries (Table 4). No correlations were observed
between fish length and muscle metal concentration in this study. This is consistent
with our previous surveys (Allinson et al. 2002, 2009). The lack of length–
concentration correlations in these Sri Lankan tilapia was perhaps to be expected,
since freshwater fish are generally considered to maintain constant internal metal
concentrations with the result that concentrations of essential elements do not
increase with age (Chapman et al. 1996).
To the best of the authors’ knowledge the Sri Lankan government has not
established maximum permitted levels for metals in fish. Consequently, guideline
values set by the WHO/FAO Joint Expert Committee on Food Additives (JECFA),
and Food Standards Australia and New Zealand (FSANZ) have been used to assess
the human health risk from the consumption of metals in the tilapia taken from the
reservoirs investigated. For instance, UN FAO Codex levels for metals in fish are 0.5
and 1.0mg kg1 wet weight methylmercury in non-predatory and predatory fish,
respectively, while FSANZ has established maximum levels (MLs) for several metals
in fish (inorganic-As, Cu, Hg, and Pb; FSANZ 2009; Table 5). Generally expected
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levels (GELs) have also been established by FSANZ to complement MLs, and
although not legally enforceable, they do provide a benchmark against which to
measure contaminant levels in organisms (FSANZ 2001). Of the three elements for
which FSANZ has established MLs (As, Hg, and Pb), Pb was not determined in this
study, while As and Hg concentrations must have been less than 3.6 and 2.5mg kg1
(dry weight) (our MDL), respectively, in these animals, since the concentrations of
these elements in the digests were 5LOD (Note: because of the relative lack of
sensitivity of the methods used in this study for As and Hg, this still leaves the
possibility that As and Hg concentrations are higher than their MLs (2 and
1mgkg1 dry weight, respectively). Further work using more sensitive methods is
required to assess the concentration of these elements in Sri Lankan reservoir fish).
The Zn and Cu concentrations in the tilapia were well below their respective GELs,
although for the latter the very low levels calculated for whole-fish in this study may
in part be a result of not determining elemental concentrations in the liver.
Sri Lankans consume an average of 21.0 kg of fish per person per year
(Anonymous, 1999). Contamination of fish is therefore of particular concern to both
the fisheries industries and the general public. The daily intake of metals via the
consumption of tilapia is below the JECFA provisional maximum tolerable intakes
(Ministry of Agriculture, Fisheries and Food 1998), when using the standard
assumption that a 60 g portion is consumed each day. Indeed, the consumption of at
least 3 kg of tilapia per day on a regular basis would be required to exceed the intake
limits for Cu, or 0.5 kg per day to exceed intake limits for Zn. This is considered
highly unlikely for all but very heavy consumers of tilapia. The FSANZ has also
established recommended daily intakes (RDIs) for a number of elements (Table 6).
Dietary intake from the consumption of 60 g of the tilapia investigated in this study
would, however, provide negligible amounts of Ca, Fe, Mg, and Mn (FSANZ 2001).
These results suggest that, in short, the tilapia examined in this study, whether
O. niloticus or O. mossambicus, appear uncontaminated by the metals, and no
adverse health affects are anticipated from moderate consumption of the metals
found in these fish, whatever the source.
Table 5. Summary of reservoir fisheries information.
Reservoir
Area at
FSL (km2)
Capacity
(km3)
Mean depth
(m) MEI
FI
(boat-days
ha1 year1)
Yield (kg ha1
year1)
Nuwarawewa 11.99 0.044 3.7 83.5 12.22 127
Kalawewa 25.82 0.089 3.5 11.74 168
Rajanganaya 15.99 0.1 6.3 12.61 185
Lunugamwehera 30.23 12 31.5 0.60 132
Padaviya 23.57 12 82.5 2.00 131
Kaudulla 27.13 0.128 4.7 37.9 9.88 183
Minneriya 25.51 0.135 5.3 31.7 6.96 93
Parakrama Samudra 26.62 0.142 5.3 36.3 5.75 69
Kiriibbanara 3.66 0.16 3.2 51.6 8.29 31
Ridiyagama 8.88 3.8 109.5 0.30 193
Udawalawe 34.15 0.269 7.8 15.4 3.08 99
Note: FSL, Full supply level; MEI, Morpho-edaphic index (i.e., conductivity/mean depth).
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The influence of land-use patterns on water quality has been documented for
streams, but rarely for lacustrine water bodies (Baban 1999; Nakasone and Kuroda
1999). Allinson et al. (2002), suggested that there were differences in terms of the
suite of metals accumulated by the fish in Sri Lankan reservoirs, and, that there was
a correlation between land-use patterns and metal concentrations in fish. In this
study the reservoirs were of a diverse nature, such as age of impoundment, size-
capacity, and surface area, from catchments with varying land-use patterns (Tables 5
and 7). For instance, in the four catchments for which adequate data has been
reported, the major land types were primarily shrub-land, forest cover, shifting
cultivation (slash and burn shifting cultivation, known locally as ‘‘chena’’), and
homesteads. There are, however, significant differences in the predominant land-use
between reservoir basins. For instance, in the Kala Oya catchment the major land
use in the Kalawewa reservoir basin is home gardens, followed by paddy land with
lower, but still significant areas of land are devoted to shifting cultivation and
shrubland. By comparison, in the Mahaweli catchment the major land use in the
Kaudulla reservoir basin is forestry, with significant areas of shrubland and other
plantations (Table 7; Amarasinghe, De Silva, and Nissanka 2002). In this study,
although there were few differences in the concentration of metals between the two
species of fish in the various lakes and catchments investigated, again our statistical
analyses (with  reduced to 0.001 to reduce the risk of inferring relationships when
one may not be evident, i.e., one in 1000 chance that the observed trend could be, in
fact, due to chance alone) hinted at a correlation between land-use patterns and
metal concentrations in fish. For instance, as the area of forest cover increases in a
sub-catchment, so too does the amount of K in the tilapia. Similarly, as the
proportion of shrubland increases, so too does the amount of Ca. However, as the
proportion of home gardens increases in a sub-catchment, the amount of Ca, K, and
P in the muscle and liver flesh of the two fish studied decreases. No other
Table 6. Summary of dietary intakes for measured elements when consuming 60 g (the
Sri Lanka daily average consumption of fish (Anon 1999)) of tilapia from southern Sri Lankan
reservoirs and comparison with food standards.
Element
Standards This studya
JECFA
(mg day1)
FSANZ RDI
(mg day1)
FSANZ ML [GEL]
(mgkg1)
Concentrationb
(mg kg1)
Intakec
(mg day1)
Ca 800 116 7
Cu 30 d 3 [0.5] 0.19 0.01
Fe 12 2.3 0.14
Mg 320 159 9.5
Mn 5 0.33 0.02
Zn 1000 12 [5] 2.2 0.13
Notes: JECFA, WHO/FAO JECFA; FSANZ, Food Standards Australia, and New Zealand;
RDI, Recommended Daily Intake; ML [GEL], Maximum Level [Generally Expected Level] in
fish.
aPooled O. nilioticus and O. mossambicus data.
bEstimated whole fish concentration assuming muscle represents 50% of wet-weight of whole
fish.
cCalculated from a weekly intake of 420 g tilapia.
dCalculated from JECFA provisional tolerable weekly intakes (PWTI).
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relationships were found. How, and indeed if, catchment land-use patterns are
impacting on the suite of metals found in the fish is unclear. All of the reservoirs
studied are located in rural areas of Sri Lanka where there are no industrial activities,
and no other obvious point sources or diffuse discharges of effluents. There may be
geological sources of metals into reservoirs, but no information is available to verify
or quantify any such sources. Further intensive studies on the impacts of land-use
patterns on the concentration and form of contaminants in Sri Lankan freshwater
fish are therefore warranted.
Conclusions
There were few differences in the concentration of metals between the two species of
fish (O. mossambicus and O. niloticus), and some statistically significant differences
(p50.05) in the concentrations of some metals in fish obtained from some of the
reservoirs, e.g., tilapia in lakes Kiriibanara, Minnariya, and Udawalawe have
significantly higher Ca than tilapia in the other lakes, and samples of Lake
Lunugamvehera stand out with the highest concentrations of K, Mg, and P. Aruvi
Aru stands out as a river basin in which the tilapia have significantly lower
concentrations, on average, of metals in the two tilapia species when compared to
other river basins. Sufficient replicated samples at each of the five-size classes were
available from Udawlawe reservoir to assess whether there were any correlations
between metal concentration and tilapia length. However, no statistically significant
correlations (p40.05) between tilapia length and metal concentration in muscle
tissue were observed. That said, given that the great majority of fish species of
commercial value in reservoirs in the tropics feed lower in the food chain, that
reservoirs tend to be located in rural areas, and that reservoir fish constitute the main
source of animal protein in the diet of rural poor. Further intensive studies on the
impacts of land-use patterns on the concentration and form of contaminants in Sri
Lankan freshwater fish are warranted, particularly if such studies include persistent
pesticide residues, e.g., DDT, for which Sri Lanka has a long and continuing
documented pattern of heavy use for malaria control.
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